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Materials and Methods
Chemicals
Synthesis of aminooxy-conjugated CS polysaccharides.
tert-Butyl 2-((1,3-dioxoisoindolin-2-yl)oxy)acetate (4). To a solution of N-hydroxyphthalimide
(3.03 g, 18.6 mmol, 1.20 eq) in DMF (30 mL) was added sodium bicarbonate (1.56 g, 18.6 mmol, 1.20 eq). The mixture was stirred at 60 °C for 1 h, after which tert-butyl 2-bromoacetate (2.77 mL, 15.5 mmol) was added. The reaction mixture was stirred for 16 h at 60 °C. The mixture was then diluted with DCM (30 mL), extracted with 1 M NaHCO 3 until the aqueous layer became colorless, washed with ddH 2 O (2 x 25 mL) and brine (1 x 25 mL), dried over MgSO 4 , and concentrated to afford a yellow solid 4. The product was purified by silica flash chromatography 
Fluorophore-conjugated aminooxy-CS-E (9).
The protocol for conjugating aminooxy-CS-E with fluoresceinamine was adapted from Glabe et al. 2 To a stirring solution of 1 (1.00 mg, 14.29 µmol) in ddH 2 O (1 mL) was added cyanogen bromide (1.00 mg, 0.00094 mmol, excess) in ddH 2 O (0.3 mL). The pH of the reaction was adjusted to 11.0 using 0.2 M NaOH, which was stirred for 10 min at RT. The mixture was then desalted on a disposable PD-10 sephadex column (17-0851-01, GE Healthcare Biosciences, Pittsburgh, PA) using 0.2 M sodium borate buffer (pH 8.0). The CS-E fractions were pooled (3 mL) and immediately stirred with fluoresceinamine (1.00 mg, 0.0029 mmol, excess) (Sigma Aldrich Co., St. Louis, MO) in the dark overnight (12 h).
The mixture was concentrated and purified on a G-25 sephadex column in the dark. The CS-E fractions were again pooled, flash frozen, and lyophilized to afford an orange solid 9.
Liposome formation. A solution of 1,2-dioleoyl-sn-glycero-3-phosphoethanolamine (DOPE, 120
µL, 10 mg/mL in CHCl 3 ), dodecanone (48 µL, 10 mg/mL in CHCl 3 , 0.1% w/w), and 1,2-dioleoyl-3-trimethylammonium-propane chloride salt (DOTAP, 64 µL, 10 mg/mL in CHCl 3 , 0.5% w/w) were thoroughly mixed and then dried with a stream of argon followed by high vacuum for 12 h. The dried lipids were reconstituted in 1.16 mL ddH 2 O (2 mg/mL total lipids) and hydrated for 30 min. The mixture was then sonicated for 2 min and extruded (11 passes through the membrane) to form large unilaminar vesicles using a mini-extruder (Avanti Polar Lipids, Inc.; Alabaster, AL) according to the manufacturer's instructions.
Liposome conjugation. AF488-hydrazide-presenting liposomes: Liposomes (100 µL, 2.24 mM dodecanone) were incubated with AF488-hydrazide (12.8 µL, 1.75 mM, 0.1:1 hydrazide:ketone)
for 3 h at RT in the dark overnight at a stoichiometric ratio to label approximately 10% of the available ketones. This ratio was chosen after method optimization to conserve carbohydrate material but maintain a significant amount of cell labeling. CS-aminooxy-tethered liposomes:
Liposomes (100 µL, 2.24 mM dodecanone) were reacted with CS-A/C/E-aminooxy polysaccharides 1-3 (~20 µL, 33.3/31.7/25.6 µM) for 3 h at RT in the dark overnight. Mixeddisplaying liposomes: Liposomes (100 µL, 2.24 mM dodecanone) were reacted with CS-A/C/E-S10 aminooxy polysaccharides (~20 µL, 33.3/31.7/25.6 µM) for 4 h at RT in the dark, followed by AF488-hydrazide at a stoichiometric ratio to label approximately 10% of the available ketones.
Dynamic light scattering (DLS). Ketone-presenting (I) and AF488-hydrazide-(II), mixed
AF488/CS-A-ONH 2 -(IV), CS-A-ONH 2 -(IIIA), and CS-E-ONH 2 -(IIIE) conjugated liposomes were generated as described above and diluted (1:20) 
Transmission electron microscopy (TEM) and energy dispersion spectroscopy (EDS).
Dodecanone-containing liposomes were prepared and conjugated with AF488-hydrazide and CS-A-aminooxy polysaccharide as described above. A drop of each liposome sample was placed on a TEM copper/carbon grid for 30 s, which was then blotted using filter paper. A drop of 2% uranyl acetate was then added to each sample for 5 min followed by blotting with filter paper.
The grid was then rinsed with ddH 2 O and dried. TEM and elemental analyses of each liposome sample were performed using an FEI Tecnai F30UT (300 kV) equipped with a high angle annular dark field detector, an Oxford energy dispersion X-ray detector, and an AMT CCD camera.
Cell culture. PC12 cells were cultured on collagen-coated (10 µg/mL) tissue culture plates in F-12K media supplemented with 6.5% HS, 6.5% FBS, and 1x penicillin/streptomycin (P/S) at 37 °C with 5% CO 2 . Hippocampal and cortical neurons were cultured in Neurobasal media supplemented with B27, 20 mM GlutaMAX, and 1x P/S at 37 °C with 10% CO 2 .
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Cell Stimulation assays. Cortical neurons from E18 Sprague-Dawley rats were dissected as previously described 5 and plated at 5 x 10 6 cells per poly-ornithine-coated (Sigma Aldrich; St. Louise, MO)
